The conventional anion-selective electrodes based on quaternary ammonium or phosphonium salts always display the so-called Hofmeister selectivity pattern. 1 Since the 1980's, research interest in anti-Hofmeister anion selective membrane electrodes has increased more and more. Recently, electrodes based on derivatives of vitamin B12 and transitional metal complexes of porphyrins, and phthalocyanines have been reported. [2] [3] [4] [5] [6] These electrodes demonstrated potentiometric anion selectivity sequences apparently deviating from the Hofmeister sequences. Such deviations result from the unique interaction of the central metals with an anion rather than from the hydration free energy and the relative solubility of the individual anions in the solvent mediator.
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Due to the vital importance of selective SCN -determination, especially in food, biological and water samples, there are several reports on the preparation of SCN -selective membrane electrodes based on a variety of ion carriers. 5, [7] [8] [9] [10] [11] [12] [13] However, most of these SCN -sensors have one, two or, in some cases, all of the following problems: a) high detection limit, b) narrow working concentration range and/or c) serious interfering effect of such anions as ClO4 -, I -and IO4 -.
In this work we report a coated graphite membrane electrode based on Ni(II)-2,2′,4,9,9′,11-hexamethyltetraazacyclotetradecanediene perchlorate (NiL) for potentiometric monitoring of ultra trace amounts of SCN -.
Experimental

Reagents
Reagent grade dibutyl phthalate (DBP), benzyl acetate (BA), acetophenone (AP), hexadecyltrimethylammonium bromide (HTAB), tetrahydrofuran (THF), and high relative molecular weight (PVC) were purchased from Aldrich and used as received. Nickel(II)-2,2′,4,9,9′,11-hexamethyltetraazacyclotetradecanediene perchlorate (NiL) was synthesized and purified as described elsewhere.
14 Potassium salts of all anions used (all from Merck) were of the highest purity available; they were used without any further purification except for vacuum drying over P2O5.
Triply distilled deionized water was used throughout.
Electrode preparation
The PVC membrane solution was prepared by through mixing of ionophore (NiL, 5 mg), plasticizer (DBP, 63 mg), additive (HTAB, 2 mg), and powdered PVC (30 mg), in 5 cm 3 of THF. The resulting mixture was transferred into a glass dish of 2 cm diameter. Graphite electrodes (3 mm diameter and 10 mm long) were prepared from spectroscopic grade graphite. A shielded copper wire was glued to one end of the graphite rod with epoxy resin, and the electrode was sealed into the end of a PVC tube of about the same diameter by epoxy resin. The working surface of the electrode was polished with fine alumina slurries on a polishing cloth, sonicated in distilled water and dried in air. The polished electrode was dipped into the membrane solution, and the solvent was evaporated. A membrane was formed on the graphite surface, and it was allowed to set overnight. For a comparative study, a membrane containing no active component was also prepared. The electrode was finally conditioned for 24 h by soaking in a 1.0 × 10 -2 M solution of KSCN.
Emf measurements
All emf measurements were carried out with the following assembly: Graphite electrode/PVC membrane/sample solution//Hg-Hg2Cl2, KCl (satd.) A Corning ion analyzer 250 pH/mV meter was used for potential measurements at 25.0 ± 0.1˚C. The emf observations were made relative to a double-junction saturated calomel electrode (SCE, Philips) with the chamber was filled with an ammonium nitrate solution.
Activities were calculated according to the Debye-Hückel procedure.
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Results and Discussion
In order to investigate the selective interaction of the Nil complex, as a potential ion carrier, with different anionic species, the UV/Vis spectra of the complex in the absence and presence of a number of common anions were obtained in acetonitrile solution. The resulting UV/Vis spectra for SCN -are shown in Fig. 1 . From Fig. 1 , it is immediately obvious that the addition of ionophore (with two absorption maxima at 220.7 and 278.9 nm) to an equimolar solution of SCN -(with two absorption maxima at 213.0 and 232.0 nm) will result in simultaneous disappearance of the two SCN -absorptions and increased absorbance of the ionophore maxima. It is interesting to note that the 220.7 nm band of the ligand has also shifted to 217.5 nm upon addition of SCN -ion while it increased in absorbance. The observed changes suggest the occurrence of a specific interaction between the ionophore and the anion in solution. At the same time, the effects of other anions on the spectrum of the carrier were investigated. No detectable changes in the corresponding UV/Vis spectra were noted.
The plasticized PVC-based membrane electrode containing ionophore (NiL) generates a stable potential response in solutions containing thiocyanate, after conditioning for about 24 h (Fig. 1 ). This membrane shows a remarkable selectivity for SCN -over most common inorganic and organic anions. The preferential response towards SCN -is believed to be associated with the coordination of SCN -with the central metal of the carrier.
It is well known that the sensitivity and selectivity obtained for a given ionophore depend significantly on the membrane composition. [16] [17] [18] [19] [20] [21] [22] [23] Thus, the influences of amount of ionophore, nature and amount of plasticizer and nature of additive on the optimal response of the membrane sensor were investigated, while keeping the PVC plasticizer ratio at about 1:2. The results are summarized in Table 1 . As is obvious from Table 1 , among three different plasticizers used, DBP was found to be the most effective solvent mediator in preparing the SCN -ionselective electrode. The amount of ionophore (NiL) was also found to affect the sensitivity of the membrane electrode. The sensitivity of the electrode's response increased with increasing 888 ANALYTICAL SCIENCES AUGUST 2002, VOL. 18 ionophore content until a value of 5% is reached. The optimization of permselectivity of membrane sensors is known to be dependent on the incorporation of additional membrane components. In fact, it has been demonstrated that the presence of lipophilic charged additives improves the potentiometric behavior of certain selective electrodes not only by reducing the ohmic resistance 25, 26 and improving the response behavior and selectivity 24, 27 but also, in cases where the extraction capability of the ionophore is poor, by enhancing the sensitivity of the membrane electrode. 28 Moreover, the additives may catalyze the exchange kinetics to the samplemembrane interface. 28 The data given in Table 1 revealed that in the presence of a proper additive such as HTAB, the sensitivity of the PVC membrane would improve considerably (No. 8 -12). As one can see from Table 1 , membrane number 9 with a PVC:DBP:L:HTAB percent ratio of 30:63:5:2 results in a near-Nernstian behavior of the membrane electrode over a wide concentration range.
The optimum equilibration time for the membrane electrode in the presence of 1.0 × 10 -2 M KSCN was 24 h, after which it would generate stable potentials in contact with SCN -solution. The electrode shows a linear response to the concentration of SCN -ion in the range of 1.0 × 10 -7 to 1.0 × 10 -1 M (Fig. 1) . The slope of the calibration graph was -57.8 ± 0.2 mV decade -1 . The limit of detection, as determined from the intersection of the two extrapolated segments of the calibration graph, was 4.8 × 10 -8 M (∼2.8 ng/cm 3 ).
Dynamic response time is an important factor for an SCN -sensitive electrode. In this study, the practical response time was recorded by studying solutions with different SCNconcentrations. The measurement sequence was from the lowto-high (i.e., 1.0 × 10 -6 -1.0 × 10 -1 M) and high-to-low concentration (i.e., 1.0 × 10 -2 -1.0 × 10 -6 M) and the resulting potential-time traces are shown in Figs. 3 and 4 , respectively. While the electrode equilibrium response in about 15 s (see Fig.  3 ) for the low-to-high sequence, it possesses a much longer response time of about 120 s (see Fig. 4 ), for the high-to-low sequence. A similar response behavior has already been reported in the literature. The actual potential versus time trace is shown in Fig. 3 . As one can see, the electrode reaches the equilibrium response in a very short time of about 15 s. To evaluate the reversibility of the electrode, a similar procedure in the opposite direction was adopted. The measurements were performed in the sequence of high-to-low (from 1.0 × 10 -2 to 1.0 × 10 -6 M) sample concentrations; the results are shown in Fig. 4 . It is clear that the potentiometric response of the electrode was reversible; although the time needed to reach equilibrium values was longer than that of low-to-high sample concentrations.
The influence of pH of the test solution (10 -3 -10 -5 M) on potential response of the membrane sensor was tested in the pH range 2.0 -13.0 (adjusted with H2SO4 and KOH) and the results are shown in Fig. 5 . As can be seen from Fig. 5 , the membrane electrode can be suitably used in the pH range 5.0 -10.0. However, at higher and lower pH values a drastic potential changes towards more negative values is observed. This is most probably due to the simultaneous response of the electrode to SCN -and hydroxide, at pH > 10, and to SCN -and sulfate (or hydrogen sulfate), at pH < 4.
Lifetime studies were based on monitoring the changes in 889 ANALYTICAL SCIENCES AUGUST 2002, VOL. 18 electrode slope and linear response range with time; the results are summarized in 30, 31 and the separated solution (SSM) methods. 32 The results are summarized in Table 3 . As is clear, there is sufficient agreement between the selectivity coefficients obtained by the two methods. However, the slight difference observed is due to their different experimental procedures (e.g., differences in initial potentials). The selectivity coefficients clearly indicate that the electrode is more selective to SCN -than to a number of other inorganic and organic anions. A typical selectivity pattern for a series anion showed by the electrode is as follows: It is interesting to note that the observed selectivity pattern for the proposed sensor significantly differs from the so-called Hofmeister selectivity sequence (i.e. selectivity based solely on lipophilicity of anions). From the data given in Table 3 , it is immediately obvious that the proposed SCN -electrode is highly selective with respect to other inorganic and organic anions. The selectivity coefficients for inorganic and organic anions are in the order of about 10 -3 or smaller. This is most probably due to the weak interaction between these anions and the ionophore. In Table 4 the selectivity coefficients for the best previously reported SCN -sensors based on different ionophores are compared with those obtained for the proposed electrode. In most cases, the selectivity coefficients obtained for the proposed electrode are superior to those reported for other SCN -ionselective electrodes. It is noteworthy that the limit of detection, linear range and response time of the proposed electrode are also considerably improved with respect to those the previously reported SCN -selective electrodes. 5, 7, 8, 11, 12 A chemical test to distinguish smokers and nonsmokers is important in many epidemiologic studies. 33 Experimental results have shown that the urinary and salivary SCNconcentration is higher for smokers than nonsmokers, and so the assay can be used to detect whether or not a person is smoking. However, the SCN -level may vary widely, 34 depending on the dietary ingestion of the ion. When consumed in excess, some foods contribute to slight elevations in SCN -concentration and these elevations may make it difficult to separation nonsmokers from smokers. Common foods that may contribute to SCN --levels include milk, almonds, garlic, onion, leeks, cabbage and cauliflower.
Taking all of the above results into account, was used the proposed electrode for the following analytical applications. The high degree of SCN -selectivity exhibited by the electrode makes it potentially useful for monitoring concentrations levels of SCN -in biological samples. Table 5 lists SCNconcentration in milk and human urine and saliva measured by the proposed electrode as well as the reported colorimetric results. As shown, there is a fair agreement between the values obtained by the electrode and the colorimetric methods.
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